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(54) Mammalian subject heating 
unilusing radiant heat 

(57) A heating unit (10) using radi- 
ant heat provides core temperature 
increases in mammalian subjects, 
including humans, for cancer treat- 
ment or other purposes. The unit 
has a wall member (18) defining a 



cavity for receiving the subject. An 
electric heating cable (54) is placed 
on the exterior of the wall means 
for heating the wall means and radi- 
ating heat to the subject. A circuit 
is connectable to a source of elec- 
tric power for energizing and con- 
trolling the heating cable. 
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SPECIFICATION 

Mammalian subject heating unit using radi- 
ant heat 

5 

The present invention relates to a heating unit 
for live mammalian subjects, including hu- 
mans. The unit employs radiant heat to in- 
crease internal temperatures, including in- 

f 0 creases to elevated levels considered to have a 
therapeutic effect on cancer. 

Cancer is currently treated by surgery, radi- 
ation, chemotherapy, immunotherapy, or com- 
binations of the foregoing. However, there is 

1 5 increasing recognition that hyperthermia — a 
condition of greatly elevated body temperatu- 
re may provide significant therapeutic ef- 
fects on cancer, including that not responsive 
or amenable to conventional treatment. Hy- 

20 perthermic treatment of cancer involves rais- 
ing the temperature of the patient to 
41.8-42*C (approximately 107"F) and main- 
taining that temperature for a predetermined 
period of time. The entire body of 'the, patient 

25 is usually heated so that the technique has 
become known as "whole body hyperther- 
mia". Hyperthermia is typically used in com- 
bination with other treatment such as cher- 
motherapy or radiation. 

30 To date, a variety of techniques have been 
used to produce the hyperthermic condition. 
These techniques include immersing the pa- 
tient in hot wax; placing the patient in a suit 
or under a blanket containing ducts for heated 

35 fluid; withdrawing blood from the body, heat- 
ing it, and returning it to the body; diathermy 
in which an R-F coupling is established be- 
tween the body and a high frequency energy 
source; and applying ultrasonic energy to the 

40 patient. However, such approaches exhibit 
one or more limitations or shortcomings. 
These include the need for general anesthesia 
with the attendant medical risk, the need for 
specialized personnel and/or facilities, the 

45 danger of burns to the patient due to heat 
concentration or hot spots in the equipment, 
the possibility of blood damage to the patient, 
extensive and complex temperature monitor- 
ing and regulation apparatus, prolonged heat- 

50 ing times, and cumbersqmeness of the equip- 
ment. 

Further, inasmuch as hyperthermia is car- 
ried out at temperatures only slightly below 
those that can cause death, the operating 
55 characteristics of the apparatus used to estab- 
lish and maintain the hperthermic condition 
can be extremely critical. 

It is, therefore, the object of the present 
invention to provide apparatus for raising the 
60 core temperature of live mammalian subjects, 
including humans, to a desired level with a 
commensurate degree of safety. 

In- accordance with the present invention, 
such apparatus comprises a wall member de- 
.65 fining a confined space suitable for receiving 
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.at least a selected portion of the subject, said 
wall member being formed of a material 
capable of radiating heat; 

means for positioning the subject portion in 
70 the space defined by said wall member; 

electric heating means mounted on the ex- 
terior of said wall member generating a heat 
input to the wall member for providing suffici- 
ent radiant heat from the wall member to the 
75 subject portion to increase the core tempera- 
ture of the subject by a physiologically signifi- 
cant amount in a desired period of tinie, said 
wall member and heating means providing 
such radiant heat at a density low enough to 
80 minimize the possibility of superficial tissue 
damage to the subject; and 

circuitry means connectable to a source of 
electric power for energizing said electric heat- 
ing means. 

85 The wall member is typically a cylindrical 
copper sheet closed at one end and contain- 
ing sealing doors at the other. The electric 
heating means may be a cable applied in a 
uniform pattern over the cylindrical sheet and 

90 covered with insulation. The cable is prefera- 
bly a plurality of segments energized in paral- 
lel to provide low density, uniform radiant 
heat sufficient to raise the core temperature to 
the desired level during an appropriate time 

95 period while avoiding burns or other skin 
injury, as from localized hot spots. 

The apparatus provides close control of 
temperature and a high degree of repeatabil- 
ity. Temperature sensors are included in the 
1 00 circuitry for controlling the energization of the 
electric heating cable responsive to wall mem- 
ber temperature and to desired and maximum 
permissible temperatures in the chamber. 
The present invention is low in cost with 
105 respect to both apparatus costs and treatment 
costs. It is anticipated that the present inven- 
tion will permit elimination of general anesthe- 
sia to the patient. This will reduce the atten- 
dant requirements for highly specialized per- 

I 10 sonnel and facilities and permit carrying out 

hyperthermic treatment with a smaller number 
of people trained in hyperthermia. 

While the present invention is described 
herein in the context of hyperthermic treat- 

I I 5 ment of cancer it will be appreciated that 

other applications may well arise. For exam- 
ple, the apparatus may be used to treat vic- 
tim's of exposure by safely restoring their 
depressed body temperatures to the normal 
120 level. The possibility of its use in the treat- 
ment of diseases of the joints also comes to 
mind. 

In the drawings: 

Figure 7 is a perspective view of the radiant 
125 heat body heating unit of the present inven- 
tion. 

Figure 2 is a fragmentary perspective view 
of the unit showing additional details thereof. 
Figure 3 is a partially cut-away perspective 
1 3.0 view of the unit. 
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Figure 4 is a cross-sectional view taken 
along the line 4-4 of Fig. 1 . 

Figure 5 is a cut-away view of an electric 
heating coil suitable for use in the present 
5 invention. 

Figure 5 is a schennatic diagram showing 
circuitry for energizing the electric heating 
cable. 

Fig. 1 shows apparatus 10 of the present 

10 invention for raising the internal or core tem- 
perature of live animals, particularly mammal- 
ian subjects, including humans. Apparatus 10 
includes housing 1 2 mounted on framework 
14, shown most clearly in Figs, 3 and. 4. 

15 Framework 14 includes coasters 16 lending 
mobility to the unit. 

Wall member 18 is supported by framework 
14. As shown most clearly in Fig. 3, wall 
member 1 8 includes wall 20 sealed by disc 

20 22 at one end to form a tubular chamber 24 
in which the subject or a selected portion of 
the subject, such as his/her body is received, 
as hereinafter described. The cylindrical confi- 
guration of wall 20 assists in eveVi hesX distri- 

25 bution in chamber 24. Wall member 18 is 
preferably formed from sheet copper material 
so that the member has an emissivity that 
enhances its effectiveness as a radiator. Cop- 
per is a good uniform conductor of heat 

30 helping to avoid localized hot spots and skin 
burns to the subject. Copper also has good 
heat retention properties providing consistent 
temperatures by avoiding sudden temperature 
changes, 

35 Rails 26 are positioned on wall member 18 
for receiving carriage 28 for stretcher 30 on 
which the subject is placed. Rails 26 may be 
mounted on bands 27 that extend around the 
interior of \A/all.20 in the middle and rear of 

40 chamber 24, as shown in Fig. 3. Bands 27 
may be expanded by toggle mechanisms, not 
shown to clamp the bands, and hence rails 
26, to wall 20. The use of bands 27 avoids 
the need to puncture wall 20 and the need for 

45 seals and the like to maintain the integrity of 
chamber 24. The cleaning of chamber 24 is 
also facilitated since bands 27 and rails 26 
can be removed from chamber 24. 

Carriage 28 includes head rest 32 for the 

50 subject, a panel 33 that assists in closing 
chamber 24, and a handle 34 by which the 
carriage, stretcher, and subject are moved into 
and out of the chamber 24; 

The open end of the wall member 1 8 is 

55 closed by a pair of insulated doors 36 and 38 
forming opening 40 through which the neck 
of the patient extends so. that his/her head 
can rest on head rest 32. Doors 36 and 38 
are shaped as an inverted L and have retain- 

60 ing means such as channel 42 for receiving a 
sealing collar that goes around the neck of the 
patient to sea! opening 40. The doors are ' 
sealed at the bottom by head rest 32. Doors 
36 and 38 are provided with hinges 44 and 

65 46 along outer edges and held closed by 



magnetic latches 48 and 50 at their inner 
edges. Doors 36 and 38 and head rest panel 
33 may be provided with gaskets that seal 
these elements to wall member 1 8 or housing 

70 1 2 when they are closed. Because the head 
rest 32 is coupled to stretcher 30 and be- 
cause L-shaped doors open in the center, the 
insertion and, particularly, removaLof the sub-, 
ject and associated medical equipment and 

75 instrumentation from chamber 24 is facili- 
tated. In emergencies with humans, the pa- 
tient can be removed from chamber 24 by 
pulling handle 34 outwardly and allowing the 
patient's shoulders to swing open doors 36 

80 and 38. 

Housing 1 2 includes control panel 52 for 
. the electrical circuitry shown in Fig. 6. 

Means are provided on wall member 1 8 to 
heat the wall member and chamber 24. As 

85 shown in the Figures, sgch means may com- 
prise electric heating cable 54 wrapped about 
the exterior of wall 20 so that the wall mem- 
ber can assist in diffusing the heat from the 
cable. The cable may be wrapped circumfer- 

90 entially, as shown in Fig. 3 and the turns 
spaced along the periphery of the wall mem- 
ber to provide uniform heating to the wall 
member to avoid establishing localized hot 
spots on wall member 18. The turns of cable 

95 54 will typically be uniformly spaced along 
wall 20, possibly with minor variations be- 
cause of frame 1 4 or other localized anoma- 
lies. A retaining or spacer means, not shown, 
may be provided to hold cable 54 in position 
100 on wall 20, Cable 54 is available from several 
sources including the Continental Wire and 
Cable division of Anaconda Copper Co. and 
the Wire and Cable Division of the General 
Electric Company. As shown in Fig. 5, cable 
105 54 may comprise an internal metal resistance 
wire 56; ah asbestos, plastics or rubber 
sheath 58 surrounding and insulating the 
wire; and an outer braided metal jacket 60 for 
armoring and electrically grounding the cable. 
110 Electric resistance wire 56 may be a single 
conductor of 1 9 or 20 gauge having a resis- 
tance of approximately 675 ohms per circular 
mil foot at 20*C. The conductor is surrounded 
by 0.1 14 cm (.045 inch) thick silicon rubber 
1 1 5 sheath 58 and a nickel plated copper shield 
braid. 

The heating of wall member 1 8 by the 
heating means, such as cable 54, is subject to 
two, somewhat divergent, considerations. A 

1 20 sufficient quantity of radiant heat must be 
provided from wall member 18 to raise the 
core temperature of the subject in chamber 
24 by a physiologically significant amount in 
a desired period of time. The physiologically 

1 25 significant temperature increase may be that 
necessary to cause the subject to enter the 
hyperthermic state. In accordance with this 
consideration, cable 54 may provide a heat 
input sufficient to raise the core temperature 

1 30 of the subject at least 4' within a period of 
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120 minutes by the radiant heat in the chann- 
ber 24. More particularly the apparatus 
should be capable of raising the core tempera- 
ture of the subject 4' to 5X in a period of 
5 60 to 120 minuies. 

At the same time, however, the density of 
heating, or heat output per unit area of wall 
member 18, should be sufficiently uniform 
and low as to minimize the possiblity of 
1 0 superficial injury to the subject, such as 

burns, from wall temperature conditions, and 
particularly from localized hot spots in the wall 
member. 

The weight of the subject may serve as a 
15 factor in the selection of the heat input from 
the electric heating means. For heating animal 
subjects having a weight of 70 kg (1 54 lbs) 
in an appropriately sized chamber 24, an 
electric heating cable having a power rating of 
20 about 1,000 watts has been employed. 

As shown most clearly in Fig. 4, tubular 
wall member 18 and cable 54 are surrounded 
by an insulating material 64 such, as glass 
fiber insulation, that is held on tuBular mem- 
25 ber 1 8 by wrapper 65 formed of metal or 
other material. 

Electrical circuitry for energizing heating ca- 
ble 54 is shown in Fig. 6. Heating cable 54 is 
preferably divided into a plurality of segments 
30 connected in parallel to ensure even heating 
throughout tubular chamber 24. This may be 
accomplished by the appropriate electrical 
connection of taps along the heating cable. 
Fig, 6 shows,for exemplary purposes, heating 
35 cable 54 divided into four quarter segments 
54a, 54b, 54c and 54d. 

Circuitry 70 is connectable to an a.c. power 
source 12, such as conventional 1 20 volt, 60 
cycle alternating current supply 72 having 
40 energized line 74 and neutral line 76. Con- 
ductors 78 and 80 of circuitry 70 are con- 
nected to lines 74 and 76 and contain ground 
fault interrupter 82 requiring manual reset. 
Ground fault interrupter 82 deenergizes circui- 
45 try 70 in the event of an electrical failure to 
lessen or avoid shock hazards in apparatus 
10. Conductor 78 contains power switch 84 
and relay contacts 86a, which when closed 
permit parallel energization of heating cable 
50 segments 54a through, 54d through conduc- 
tor 80. 

Indicator lamp 88 is conriected across lines 
78 arrid 80 to indicate when main power 
switch 84 is closed. 

55 A plurality of elements are also connected 
across lines 78 and 80 to control the opera- 
tion of electric heating cable 54. These in- 
clude timer 90 by which the time period for 
energizing cable 54 may be established. Ther- 

60 mostat 92, which may be of the normally 

closed, bimetallic type is placed on wall 20 of 
wall member 1 8 to sense the temperature of 
the wall for deenergizing electric cable 54 in 
the event the temperature rises above a de- 

iiio Tvnir?iilv thermostat 92 



will be set to open at 60'C (140T) and 
reclose at 54'C (1 SOT) and is preferably not 
operator accessible or adjustable. Limiting the 
wall temperature to this magnitude lessens or 
70 avoids the danger of skin burns from appara- 
tus 10. Thermostat 94 may be mounted m 
tubular chamber 24 at a location appropriate 
to sense the temperature inside the chamber. 
Thermostat 94 may be of the normally closed, 
75 fluid expansion type. It is not operator adjus- 
table but is preset to open at the maximurn 
temperature desired in the chamber. This is 
typically 70X (160T). The thermostat will 
close at 68X (155'F) and below. Thermostat 
80 96 is also placed in tubular chamber 24 at a 
location to sense the temperature in the cham- 
ber. Thermostat 96 may also be of the nor- 
mally closed, fluid expansion type and is 
adjustable by the operator to establish a se- 
85 lected temperature in the chamber less than 
the maximum temperature established by 
thermostat 94. The coil 86 b of relay 86 is 
connected in series with timer 90 and ther- 
mostats 92, 94/ and 96 across lines 78 and 
90 80. Coil 86b operates contacts 86a in line 
78. Indicator lamp 98 indicates when relay 
contacts are closed and heating cable 54 is 
energized. 

In use, the patient may be prepared for 
95 hyperthermic treatment in apparatus 10 by 
light sedation. The temperature indicators 
necessary to monitor internal temperature will 
be placed in the patient, as for example, 
through the use of rectal, esophageal, and/or 
100 cardiac probes. Sensors for other physiok)gical 
functions, such as respiration and heart beat 
rate, are also applied to the patient. 

The patient will be placed on stretcher 30 
with his/her head resting on headrest 32, 
105 The patient is slid into tubular chamber 24 on 
stretcher 30 with his/her head outside cham- 
ber 24. Doors 36 and 38 are closed and a 
collar placed around the neck of the patient to 
tightly seal opening 40 making chamber 24 a 
110 closed system. Timer 90 is set for the maxi- 
mum treatment time. Thermostat 96 is set for 
the maximunm temperature desired in cham- 
ber 24. Power switch 84 is closed to energize 
heating cable 54. The contacts of timer 90, 
1 15 and thermostats 92, 94, and 96 are closed, 
energizing relay coil 86b of relay 86 and 
closing relay contacts 86a This permits ener- 
gization of electric cable 54. The energization 
of cable 54 heats copper wall member 18 
1 20 radiating heat to the patient on the stretcher. 
The internal or core temperature of the patient 
is monitored through the temperature probes. 
The temperatures obtained from the rectal 
temperature probe are typically considered the 
125 core temperature of the patient for treatment 
purposes. The sealing of opneing 40 by the 
collar causes the perspiration of the patient to 
maintain a condition of saturation or near 
saturation in chamber 24 limiting patient heat 
1 30 loss by evaporation. Fluids lost through per- 
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spiration are restored intravenously. As the 
temperature of the patient increases, his/her 
metabolic heat generation increases substan- 
tially to supplement the radiant heat from wall 
5 member 18 iri'attaining the hyperthermic 70 
state. 

When the desired core temperature is 
reached in the patient, the patient may be 
removed from tubular chamber 24 and cov- 

10 ered with a blanket to minimize evaporative 75 
heat losses. Through the loss of thermoregula- 
tory capability brought about by the hyperth- 
ermic condition, the desired internal tempera- 
ture of the patient is maintained by the heat 

1 5 generated by increased metabolic activity 80 
without the need for ejcternal heat application. 
When the patient has remained in the hy- 
perthermic condition for the desired period of 
time, the blanket is removed, to allow cooling 

20 by evaporation and the restoration of normal 85 
temperature regulation. Should the patient re- 
quire additional cooling to terminate the hy- 
perthermic condition, this may be achieved by . 
a cooling blanket or an alcohol sponge bath. 

25 A typical test of apparatus 10, utilized a 70 90 
kg (154 lb) pig as an animal subject. Such an 
animal subject resembles a human in body 
weight, fat distribution and in cardie, liver and 
respiratory physiology. It, however, does not 

30 perspire. The animal, appropriately instru- 95 
mented, was placed in apparatus 10 and 
heating cable 54 energized. The internal or 
core temperature of the animal, measured 
rectally, was raised to 41 .8*0 in about 80 

35 minutes. Skin temperature rose to 42.5'*C. Air 100 
temperature near the wall did not exceed 
65°C (1 49"F) while adjacent to the animal, 
the temperature was 46"C (1 14*F). The pig 
was then removed from apparatus 10 and 

40 hyperthermic conditions maintained for two 105 
additional hours at the end of which the 
internal temperature was 41 .6*C. The experi- 
ment was then terminated by a liberal ethanol 
bath. In about 90 minutes internal tempera- 

45 ture fell to 38X (100T). 1 10 

Tests of the above described type suggest 
the suitability of the present invention for use 
with humans. 

50 CLAIMS 115 
1 . Apparatus for healing live mammalian 
subjects to obtain a desired increase in core 
temperature comprising: 

a wall member defining a confined space 

55 suitable for receiving at least a selected por- 1 20 
tion of the subject, said wall member being 
formed of a material capable of radiating heat; 

means for positioning the subject portion in 
the space defined by said wall member; 

60 electric heating means mounted on the ex- 1 25 
terior of said wall member generating a heat 
input to the wall member for providing suffici- 
ent radiant heat from the wail- member to the 
subject portion to increase the core tempera- 

65 ture of the subject by a physiologically signifi- 1 30 



cant amount in a desired period of time, said 
wall member and heating means providing 
such radiant heat at a density low enough to 
minimize the possibility of superficial tissue 
damage to the subject; and 

circuitry means connectable to a source of 
electric power for energizing said electric heat- 
ing means. 

2. The apparatus according to Claim 1 
wherein said apparatus is further defined as 
one for obtaining core temperature increases 
to hyperthermic conditions in the subject, and 
said electric heating means is further defined 
as providing a heat input to the wall member 
sufficient to attain hyperthermic conditions in 
the subject. 

3. The apparatus according to Claim 1 or 
2 wherein said electric heating means is fur- 
ther defined as generating a heat input suffici- 
ent to raise the core temperature of the sub- 
ject at least 4'C within a period of 1 20 min. 

4. The apparatus according to Claim 3 
wherein said electric heating means is further 
defined as generating a heat input sufficient 
to raise the core temperature of the subject 4' 
to 5'C in a period of 60 to 1 20 min. 

5. The apparatus according to any preced- 
ing Claim wherein said electric heating means 
is further defined as mounted on the exterior 
of said wall member for providing uniform 
radiant heat from said wall member, 

6. The apparatus according to any preced- 
ing Claim wherein said wall member is formed 
of a cupreous material. 

7. The apparatus according to Claim 5 
wherein said electric heating means in applied 
in a generally uniform manner to said wall 
member. 

8. The apparatus, according to any preced- 
ing Claim wherein said electric heating means 
comprises en electric heating cable applied in 
a generally uniform pattern to at least a se- 
lected portion of said wall member. 

9. The apparatus according to Claim 7 
wherein said electric heating means comprises 
an electric heating cable applied in a uniform 
pattern to a cylindrical portion of said wall 
member. 

1 0. The apparatus according to Claim 8 
wherein said electric heating cable comprises 
a plurality of cable segments electrically con- 
nected in parallel. 

1 1 . The apparatus according to Claim 9 
wherein said electric heating cable comprises 
a plurality of cable segments electrically con- 
nected in parallel, 

12. The apparatus according to any pre- 
ceding Claim wherein said electric heating 
means provides a heat input selected in accor- 
dance with the weight of the subject. 

13. The apparatus according to Claim 12 
wherein said electric heating means comprises 
an electric heating cable having a power rat- 
ing of approximately 1000 watts. 

14. The apparatus according to any pre- 
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ceding Claim including insulation nneans on 
the exterior of said wall member and electric 
heating means. 

1 5. The apparatus according to any of 
5 Claims 1 to 1 4 wherein said electric circuit 
means includes control means responsive to 
the temperature in said space for establishing 
that temperature at a desired level. 

1 6. The apparatus according to Claim 1 5 

1 0 wherein said electric circuit means includes 
further control means responsive to the tem- 
perature in said space for establishing the 
maximum temperature in said space. 
.17. The apparatus according to any of 

15 Claims 1 to 14 wherein said electric circuit 
means includes control means responsive to 
the temperature in said space for establishing 
the maximum temperature in said space. 
1 8. The apparatus according to any of 

20 Claims 1 to 14 wherein said electric circuit 
means includes control means responsive to 
the temperature of said wall member for 
establishing the maximum temperature of said 
wall member. 

25 1 9. The apparatus according to Claim 1 5 
or 17 wherein said electric circuit means 
includes additional control meanrresponsive . 
to the temperature of said wall member for 
establishing the maximum temperature of said 

30 wall member. 

20. The apparatus according to Claim 16 
wherein said electric circuit means includes 
additional control means responsive to the 
temperature of said wall member for establish- 

35 ing the maximum temperature of said wall 
member. 

21 . The apparatus according to any pre- 
ceding Claim wherein said electric circuit 
means fncludes means for establishing the 

40 period of energization of said electric heating 
means. 

22. The apparatus according to any pre- 
ceding Claim wherein said wall member is 
formed to define a cavity for receiving at least 

45 a portion of the subject. 

23. The apparatus according to Claim 22 
wherein the subject has a body and wherein 
said wall member is formed to define a cavity 
suitable for receiving the body of the subject. 

50 24. The apparatus according to Claim 22 
or 23 wherein said wall member has a gener- 
ally cylindrical wall dosed at one end and 
having openable closure means at the other 
end through which the subject may be re- 

55 ceived in the cavity and the| cavity thereafter 
sealed. 

25. The apparatus according to Claim 24 
wherein the subject has a body and a head- 
connected to the body by a neck and vyherein 

60 the cavity receives the body of the subject 
with the head extending from the cavity and 
wherein said closure means extends around 
the neck of the patient to seal the cavity, 

26. The apparatus according to Claim 25 
65 wherein said closure means includes a pair of 
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doors positioned across said other end of said 
cavity and having abutting edges located 
generally centrally of said wall member and 
wherein said doors are operable along said 
70 abutting edges. 

27. The apparatus according to Claim 
or 26 wherein said positioning means com- 
prises a stretcher for receiving the head and 
body of the subject, said stretcher having 
means extending from said cavity by which 
the subject may be inserted and removed 
from said cavity. ^ 

28. The apparatus according to Claim 27 
wherein said stretcher forms a portion of said 
closure means. , 

29. The apparatus according to Claim 1 
and substantially as hereinbefore described 
with reference to the accompanying drawings. 
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